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Site Characteristicsand Land Use

The Red Butte Creek HBN Basin is located in the Middle Rocky Mountains
physiographic province in the western foothills of the Wasatch Range in northern Utah
(Figure 22. Map showing the study area in the Red Butte Creek Basin and photograph
showing the basin landscape). The 18.8-km2 basin ranges in eevation from 1,646 to
2,524 m and drains a narrow-based canyon that has steep valey walls (Ehleringer and
others, 1992). The HBN station islocated just upstream from Red Butte Reservoir and on
the east edge of Salt Lake City, Utah, at latitude 40°46'48" and longitude 111°4819". Red
Butte Creek flows southwest into the Jordan River, which drainsinto the Greet Salt Lake,
and has a channd length of about 7.6 km upstream from the HBN station and an average
dream gradient of 74.3 m/km. Mean monthly discharge varies from aminimum of 0.052
m3/s in September, when most flow is derived from ground water, to 0.37 m3/sin May
during the peak of spring snowmelt. Average annud runoff from the basin was 20 cm

from 1964 through 1995 (ReMillard and others, 1996). The climate is characterized by
hot, dry summers and long, cold winters. Average monthly air temperatures range from -
0.7°Cin January to 25.4°C in July (Nationa Climatic Data Center, 1997). Varidionin
annud precipitation in the basin is strongly related to eevation and ranges from about 50
cm a the lower elevations to about 90 cm at the higher devations (Ehleringer and others,
1992). Most precipitation occurs as snow in winter and spring; March (5.7 cm) is
generdly the wettest month and July (1.8 cm) the driest (Nationa Climatic Data Center,
1997).

The basin is in the Southern Rocky Mountains ecoregion (Bailey and others, 1994) and is
dominated by four distinct plant communities-riparian, grass-forb, oak-maple, and
coniferous (Ehleringer and others, 1992). Riparian communities consst chiefly of

western water birch, mountain alder, and occasona dense stands of red osier dogwood
and willow. The grass-forb communities dominate large open areas on south-facing
dopes below 1,800 m. The principa grass speciesis bluebunch wheatgrass; there dso are
occasiona big sagebrush, squawbush, and bitterbrush. Slopes above 1,800 m are
dominated by communities of Gambel oak and bigtooth maple that grow in dense
thickets dong the canyon walls. The coniferous communities grow chiefly on north-

facing dopes above 2,000 m and are dominated by pure or mixed stands of Douglas-fir
and white fir with some aspen. Soilsin the basin are classified as Mallisols and congst of
wdl-drained soils that are formed in colluvium and aluvium derived from mixed
sedimentary rocks (Woodward, 1974). Thereis little profile development, and most soils
condst of alayer of dark- to reddish-brown, cobbly st loam or cobbly loamy sand
overlying bedrock. Depth of soilsisirregular, varying from 50 cm on south-facing dopes
to as much as 150 cm on north-facing dopes. Soils are neutrd to moderately akaline (pH
6.1 to 8.4), and the deeper horizons have 55 to 80 percent coarse fragments that, in the
more akaine soils, are coated with lime (Woodward, 1974).

Bedrock underlying the basin includes southeast-dipping beds of Weber Quartzite of
Pennsylvanian age, Park City Formation of Permian age, Thaynes and Ankareh
Formations of Triassic age, and Nugget Sandstone and Twin Creek Limestone of Jurassic
age that form the north limb of a syndine whose axis trends roughly paralel to Red Butte
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Canyon (Van Horn and Crittenden, 1987). The Weber Quartzite and Park City Formation
crop out in the northern part of the basin and consst of sandy limestone, calcareous
sandstone, phosphatic shale, and cross-bedded quartzite. The Thaynes Formation, which
crops out northwest of the stream, consists of nodular limestone, limy sltstone, and
sandstone. The valley bottom is primarily underlain by severad members of the Ankareh
Formation, which include layers of reddish-brown to reddishpurple shae, sltstone, and
sandstone. Massive exposures of buff-colored Nugget Sandstone crop out on the
southeast Side of the creek, and gty limestone of the Twin Creek Limestone formsthe
ridge on the southeast side of the basin.

The basin drains the northwest part of Sdlt Lake County in Utah immediately adjacent to
Sdt Lake City and iswithin the boundaries of the Red Butte Canyon Research Natural
Area, which is administered by the Wasatch Nationd Forest. The god of the Research
Natural Area Program isto protect and preserve arepresentative array of al important
natural ecosystems and to conduct research on ecological processes in these areas
(Ehleringer and others, 1992). The history of Red Butte Canyon, which isdiscussed in
detail by Ehleringer and others (1992), is unusud in that it has been protected by the
Federd Government for almost a century. Land in the canyon was acquired by the
Federa Government between 1888 and 1909 and was used as awater source by the U.S.
Army at Fort Douglas until 1991. To protect the watershed and its water quality, the
Army closed the basin to logging and grazing in the early 1900's, after which time the
only land-use activity was a smdl sandstone quarry that was operated intermittently by
the Army until 1940. In 1969, the U.S. Forest Service acquired the land in the basin and
designated it as aresearch naturd area primarily becauseit is one of the last remaining
undisturbed basinsin the Great Basin. The canyon dso isuniquein thet it isarddively
pristine watershed adjacent to a magor metropolitan area (Ehleringer and others, 1992).
Since being acquired by the Forest Service, the basin has remained closed to the public
and has been used primarily as aresearch stefor biologists at the University of Utah
(URL at http://ecophys.biology.utah.edu/red butte.html). The only subgtantid change
that has occurred in the basin since the establishment of the HBN station was related to a
high discharge in May 1983 that was caused by heavy showsin May followed by
unusudly warm temperatures (Ehleringer and others, 1992). The high flows severdly
eroded streambanks, destroyed beaver dams, knocked down riparian vegetation, and
caused landdidesin the canyon. Sediment flow in the creek increased amost 300 times,
which resulted in the formation of a ddlta at the mouth of Red Butte Reservoir
immediately downstream from the HBN tation.

Historical Water-Quality Data and Time-Series Trends

The data set for the Red Butte Creek HBN station analyzed for this report includes 262
water-quality samples that were collected from October 1964 through September 1995.
Samples were collected about monthly from 1965 to 1982 and quarterly from 1983 to
1995. Water-quaity samples from the early part of the period of record were andyzed at
aUSGS digrict laboratory in St Lake City, Utah, that operated until 1973 (Durum,
1978). After establishment of the central |aboratory system, samples were andyzed at the
Sdt Lake City facility from 1973 to 1975 and at the NWQL in Arvada, Colo., from 1976



to 1995. Daily discharge records for Red Butte Creek (station 10172200) are available
beginning in October 1963.

Caculated ion balances for 236 samples that have complete mgor-ion andyses are

shown in figures 23a and 23b. Graphs showing temporal variation of discharge, field pH,
major-ion concentrations, and ion balance in Red Butte Creek, Utah. lon baances ranged
from -13 to +17 percent, and 95 percent of samples had vauesin the +5-percent range,
indicating that the andyticd measurements were of high qudity. The average charge

balance for al samples was 0.3 percent, indicating that unmeasured congtituents, such as
organic anions, did not contribute subgtantialy to the ion balance of stream water at this

HBN gation. Time-series plots of the mgor congtituents were ingpected for evidence of
method-related effects (fig. 23). The only notable patterns were afew high potassum
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Figure 23a. Graphs showing temporal variation of discharge, field pH, major-ion
concentrations, and ion balance in Red Butte Creek, Utah
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Figure 23b. Graphs showing temporal variation of discharge, field pH, major-ion
concentrations, and ion balance in Red Butte Creek, Utah - Continued



Table41. Minimum, first quartile, median, third quartile, and maximum values of
physical propertiesand major dissolved constituents measured in water-quality
samplesfrom Red Butte Creek, Utah, October 1964 through September 1995, and
volume-weighted mean concentrationsin wet precipitation collected at the Murphy

Ridge Station, Utah

[Concentrations in units of microequivalents per liter, discharge in cubic meters per second, specific conductance in microsiemens per
centimeter at 25 degrees Celsius, pH in standard units, and silica in micromoles per liter; n, number of stream samples;, VMW, volume

weighted mean; inst., instantaneous; spec. cond., specific conductance; <, less than; --, not reported]
| Stream Water Precipitation

Perameter ‘Mlnmun ‘QF;fltle Median ‘ QTE;S ‘ Maximum VMA?
Discarge, int. | 00130 [ 0049 | 0071 | 013 | 16 |261\ -
'Spec. cond., field | 390 | 560 | 610 | 640 | 750 261 12
PpH, fidd | 67 | 81 | 83 | 84 | 87 [260] 51°
Cacium | 2900 | 3,850 | 4150 | 4550 | 5500 [262] 26
Magnesium | 1,150 \1980 12,140 | 2220 | 3210 [262] 5.2
'Sodium | 39 | 480 | 520 | 570 | 1,170 [260, 17
Potassium 10 | 23 | 26 | 28 | 8 2420 9
Ammonium | <7 | 11 | 21 | 36 | 31 101, 15
Alkdlinity, laboratory | 2,740 | 4,160 | 4,440 | 4740 | 5660 [239]  --
Sulfate | 730 | 15520 | 2000 | 2290 | 4370 [262] 28
Chloride | 230 | 340 | 370 | 390 | 540 260, 87
Nititeplusnitrate | <7 | 21 | 36 | 71 | 36 207, 19°
Sllica | 120 | 170 | 180 | 180 | 230 262 --

2V a ues are volume-weighted mean concentrations for 1986-95.

®|_aboratory pH.

°Nitrate only.

concentrationsin the 1970's and adight increase in the calculated ion balance in the latter
part of the record. The high sulfate concentrations near the end of the period of record
probably are related to an extended drought in the region that occurred from 1987 to 1992
(Nationa Climatic Data Center at URL _http://www.ncdc.noaa.gov, accessed 1998) rather
than to andytica bias introduced by the turbidimetric technique (Schertz and others,

1994). The stepped pattern in the concentrations of nitrite plus nitrate was caused by
changesin the andytica reporting limit for this congtituent that occurred in 1982 and

againin 1991.




The median concentrations and ranges of mgor dissolved congtituents in stream water
collected at the HBN station and VWM concentrations in wet-only precipitation
measured at the Murphy Ridge NADP sation are presented in table 41. Precipitation
chemidry at the NADP dation, which is about 92 km northeast of the HBN gation, is
dilute and dightly acidic and hasa VWM pH of 5.1 for 10 years of record. The
predominant cations in precipitation were calcium and sodium, which contributed 36 and
24 percent of the totd cation charge, respectively. The predominant anions were sulfate
and nitrate, which accounted for 50 and 34 percent of the total anions, respectively. The
predominance of strong acid anionsin precipitation indicates that precipitation at the
NADP gation may be affected by industrid emissions of sulfur and nitrogen compounds
that cause acid rain.

Stream water in Red Butte Creek is moderately concentrated and strongly buffered;
specific conductance ranged from 390 to 750 mS/cm, and dkalinity ranged from 2,740 to
5,660 meg/L (table 41). The mgor solutes in stream water were calcium and bicarbonate,
which accounted for more than 60 percent of the total ionic charge. The predominance of
these solutes in stream water is atributed to the weathering of carbonate minerasin the
underlying sedimentary rocks. The median chloride and sulfate concentrationsin stream
water were 370 and 2,000 meg/L, respectively, and were considerably greater than the
VWM concentrations of chloride (8.7 meg/L) and sulfate (28 meg/L) in precipitation,
indicating that these solutes probably are primarily derived from sourcesin the basin.
Because land- use activities are minima upstream from the gtation, the only source of

these solutes other than aimospheric deposition is weathering of sdts and sulfate minerds
in the marine sedimentary rocks, the mogt likely source being evaporite beds that locally
are present in the Ankareh Formation (Van Horn and Crittenden, 1987). Concentrations
of inorganic nitrogen species in stream water were lower than the VWM concentretions
in precipitation, which is conggtent with the pristine condition of the basin and indicates
that most atmospheric nitrogen is retained by vegetation and soilsin the basin.

The solute composition of stream water was further evauated by andyzing correlations
between solutes and stream discharge (table 42). Most weethering-derived solutes had
grong inverse correlations with stream discharge, particularly magnesum (rho = -0.777)
and sulfate (rho = -0.816). These results are congstent with a hydrologic system where
wegthering-enriched base flow is diluted by water from shdlow or surficid sources
during periods of increased discharge, particularly spring snowmelt. For the solutes, the
strongest correlations were between the base cations and sulfate, and the weskest
correlations were with slica concentrations. The strong correlation between sulfate and
cacium is consgtent with the weathering stoichiometry of gypsum or anhydritein
evaporite beds within the shae. Chloride adso was postively correlated with base cations
and sulfate, supporting the assumption that most chloride is derived from weathering.
Alkainity was weakly corrdated with the mgor cations, which was somewhat
unexpected because of the abundance of carbonate bedrock in the basin.



Table 42. Spearman rank correlation coefficients (rho values) showing thereation
among discharge, pH, and major dissolved constituents, Red Butte Creek, Utah,
1965 through 1995

[Q, discharge; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium; Alk, alkalinity; SO4, sulfate; Cl, chloride; Si, silica

Al |-.163|-.193|.424 | .391 | .171 [O. 163] —_—
'SO,|-.816|.100 |.788 | .659 |.657 |.162 [0.171| --
Cl |-.474/-.098|.551 |.559 |.514 |.251 | .266 \0.573\ --
Si [-.272]-.139[.010 [ .307 [ .274 [ .242 [ .046 | .051 [0.062

- [ Q [pH [Ca[Mg[Na|[ K [AKk [SO,| CI |
pH 0018] - | —~ | —~ |~ |~ [ -~ | -~ | -
Ca |-5630.132 - | - | - | == | =~ [ - | -
Mg |-.777]-.213/0.494| -- | -- | - | - | -- \
Na [-.639[.040 [ 512 0.619| -- | -- \ - -1 -]
K [-.147-.050[.233 [.144 0.323] -- - -1 -]
| -
| -

Table 43. Results of the seasonal Kendall test for trendsin discharge and
unadjusted and flowadjusted pH and major dissolved constituents, Red Butte
Creek, Utah, October 1964 through September 1995

[Trends in units of microequivalents per liter per year, except for discharge in cubic meters per second per year, pH in standard units per year,
aluminum, iron, and silica in micromoles per liter per year; <, less than; --, not calculated]

Parameter | Unadjusted  |Flow adjusted
'Trend |p-vaue | Trend |p-vaue
Discharge -0.001/0.045 | -- | --
pH, field .02 | .001 | (& | -
Cadum 119.2 | .001 |15.0 | 0.001
Magnesum | <1 | .084 |-6.6 | .001
Sodium <1 | .001 |12 | .021
Potassium <1 ].269 | () | --
' Alkdinity, laboratory |-12.8 | .004 |-13.7 | .002
Sulfate 116.1 | .001 |11.8 | .001
Chloride | <1 | .659 | -4 | 539
Nitriteplusnitate | ® | - | - | --
Slica | <1 | 543 | -2 | .073

#How model not significant at a= 0.10; ® Insufficient data to calcul ate trend.



The reaults of the seasonal Kendall test for trends in discharge and mgjor dissolved
condituents are listed in table 43. Satidticaly sgnificant trends were detected in field pH
and unadjusted calcium, sodium, dkainity, and sulfate concentrations a the 0.01
probability level. The trend in flow-adjusted pH was not calculated because the flow
modd was not gatisticaly sgnificant a the 0.10 probability leve. Trends were Smilar
for the unadjusted and flow- adjusted cacium, dkalinity, and sulfate concentrations,
indicating that they probably were not caused by variationsin stream discharge. The
trend in sodium was not gatigticaly sgnificant usng the flow-adjusted concentrations,
however, the flow-adjusted magnesum concentrations showed a sgnificant downward
trend that was not detected in the unadjusted concentrations. The amilarity in the timing
and magnitude of the trends as shown by the LOWESS curves in figure 23 indicates that
stream-water trends at this HBN station may have been related to asmilar environmentd
factor. The trends probably were not caused by changes in atmospheric deposition based
on the dilute chemistry of precipitation at the nearby NADP station compared to stream+
water chemidry at the HBN gtation. Similarly, changesin land use probably were not an
important factor because the basin has remained largely undisturbed since the early
1900's (Ehleringer and others, 1992). Assuming that anaytical bias dso isnegligible,
perhaps the most plaugble explanation for the trends in water quality is climate
variability. Although a detailed anadlysis of climate variability is beyond the scope of this
report, climatic records for the Wasatch Mountain region indicate that there was record
precipitation from 1982 through 1986 that was followed by an extended period of
drought that lasted from about 1987 through 1992 (Nationa Climatic Data Center at URL
http://www.ncdc.noaa.gov, accessed 1998).

Synoptic Water-Quality Data

Chemicd reaults of the surface-water synoptic sampling of August 9, 1991, areligted in
table 44, and locations of sampling sites are shown in figure 22. During the synoptic
sampling, discharge at the HBN station was 0.03 m3/s compared to the median daily
discharge of 0.09 m3/sfor July (Lawrence, 1987), indicating that the basin was sampled
during low-flow conditions for that time of year. Mogt of the solute concentrations
measured at the HBN dtation (site 1) during the synoptic sampling were between the firg-
quartile and median values that were reported for the station during the entire period of
record, except for sulfate and chloride concentrations, which were lower (table 41). The
upstream sampling Steswere smilar in compogtion to stream water & Ste 1, with
cacium and magnesium the predominant cations and bicarbonate and sulfate the
predominant anions. lon balances for dl but one synoptic samples were postive, ranging
from-1.1to 6.1 percent. This result was somewhat unexpected on the basis of high solute
concentrations of the samples and may indicate abiasin one of the andytica
measurements. The resultsin table 44 indicate that concentrations of the mgjor solutes
did not vary markedly among the sampling sites, probably because of the abundance of
limestone bedrock. For example, calcium concentrations ranged from 3,800 to 4,350
meg/L, magnesium ranged from 1,520 to 2,480 meg/L, and akalinity ranged from 3,560
to 4,960 meg/L. Sulfate and sodium had a dightly wider range of concentrations than the
divaent cations and dkainity, which may reflect the distribution of different rock types

in the basin. For example, the lowest sulfate concentration was measured at Site 5, which



chiefly drains quartzite and limestone of the Weber Quartzite, whereas the highest
concentration was measured in the lowest part of the canyon (Site 1), which is underlain
by shdes, sltstones, sandstones, and some evaporites belonging to the Ankareh
Formation. Sodium aso seemed to be dightly higher at Sites draining shales (dtes 1-3)
compared to sites primarily draining quartzite and limestone (Stes 4-6). In contrast to
sulfate, calcium and akalinity concentrations were lower at the HBN Sation (Ste 1)
compared to most of the upstream sampling sites, perhaps aso reflecting variationsin
geology. Nitrate concentrations a al of the sampling Stes were less than the andytical
reporting limit of 3.6 meg/L, which is condgstent with the minima amount of land usein

the basin.

Table 44. Physical propertiesand major dissolved congtituents from surface-water
sampling sitesin the Red Butte Creek Basin, Utah, collected August 9, 1991

[Site locations shown in fig. 22; Q, discharge in cubic meters per second; SC, specific conductance in microsiemens per centimeter at 25
degrees Celsius; pH in standard units; Ca, calcium; Mg, magnesium; Na, sodium; K, potassium: Alk, akalinity; SO4, sulfate; Cl, chloride;
NO3, nitrate; S, silica; concentrations in microequivalents per liter, except silicain micromoles per liter; Fm, Formation; <, less than]

Ste| Stationnumber [ Q [SCpH| Ca | Mg [Na[K | Ak | S0, [CI [NO;[ S [Criteria®| Remarks

1 10172200

0.031

580 (8.4 3,800

2,160

2 404716111474500

0076

640 8.2|4,250

2,480

K

404811111455000

0059

540 8.2(3,950

1,520

404812111455400

021

570(8.3/4,250

2,160

5

404846111461400

0011

500(8.4|3,150

1,760

520

260

6 [404855111453200 [0014590[8.3

4,350 (2,000 [260 17

Ankareh Fm,
243,560 |2,060 310 <3.6|180 BG Nugget

Sandstone
= Thaynes Fm,
23 |4,760 |1,420 1420 <3.6|200 M T, BG Ankareh Fm
23(4,500 (1,000 340 [<3.6[220 M T, BG |Ankareh Fm
] Weber
174,560 {1,560 280 |<3.6 (150 M T, BG |Quartzite,

Park City Fm
a Weber
194,520 | 500 280 <3.6(130 BG Quartzite

4,960 (1,190[220 |<3.6(160 BG ~[Park City Fm

& Criteriaused in selection of sampling sites: BG = bedrock geology, MT = major tributary.
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Appendix B. NWIS Site-ldentification Numbers

Table B-1. NWIS site-identification numbers and site names for water-qudity sampling

Stes.
Site| | dentification Number Site Name
1 (10172200 RED BUTTECRNR SALT LAKECITY, UT
2 1404716111474500 BLACK MTN CR AT HAIRPIN NR SALT LAKECITY, UT
3 1404811111455000 E:ET[:(BLLJJITE CR AB KNOWLTONSFK NR SALT LAKE
4 404812111455400 KNOWLTONS FORK NR SALT LAKECITY, UT
5 404846111461400 \L/JV'll'EST FORK KNOWLTONS FORK NR SALT LAKECITY,
6 404855111453200 UPPER KNOWLTONSFORK NR SALT LAKECITY, UT




